Exploring the folding funnel of a polypeptide chain by biophysical studies on protein fragments.
We are examining possible roles of native and non-native interactions in early events in protein folding by a systematic analysis of the structures of fragments of proteins whose folding pathways are well characterised. Seven fragments of the 110-residue protein barnase, corresponding to the progressive elongation from its N terminus, have been characterised by a battery of biophysical and spectroscopic methods. Barnase is a multi-modular protein that folds via an intermediate in which the C-terminal region of its major alpha-helix (alpha-helix1, residues Thr6-His18) is substantially formed as is also its anti-parallel beta-sheet, centred around a beta-hairpin (residues Ser92-Leu95). Fragments up to, and including, residues 1-95 (fragment B95), appeared to be mainly disordered, although a small amount of helical secondary structure in each was inferred from far-UV CD experiments, and fluorescence studies indicated some native-like tertiary interactions in B95. The largest fragment (residues 1-105, B105) is compactly folded. The secondary structure in alpha-helix1 in the seven fragments was found by NMR to increase with increasing chain length faster than the build-up of tertiary interactions, indicating that alpha-helix1 is being stabilised by non-native interactions. This behaviour contrasts with that in fragments of the 64-residue chymotrypsin inhibitor 2 (CI2), in which tertiary and secondary structures build up in parallel with increasing length. CI2 consists of a single module of structure that folds without a detectable intermediate. The largest fragment of barnase, B105, has interactions that resemble its folding intermediate, whereas one of the largest fragments of CI2 (residues 1-60) resembles the folding transition state. The folding pathways of both proteins are consistent with a scheme in which there are low levels of native-like secondary structure in the denatured state that become stabilised by long-range interactions as folding proceeds. Neither protein forms a stable fold when lacking the last ten residues at the C terminus. Since at least 20 amino acid residues are bound to the ribosome during protein biosynthesis, these small proteins do not fold until they have left the ribosome, and so the studies of the folding of such proteins in vitro may be relevant to their folding in vivo, especially as the molecular chaperone GroEL binds only weakly to denatured CI2 and does not discernibly alter the folding mechanism of barnase.